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sition is altered. In spite of these difficulties, however, the
study of the chemical changes that take place in the soil has
produced valuable knowledge, when it has been combined
with a study of the changes in the number and variety of
the micro-organisms that accompany these reactions. This
method of investigation is well illustrated by the work of
Russell and Hutchinson on the effects of heat and volatile
antiseptics on soil, where a study of the chemical changes
such as ammonia production, that occurred in these treated
soils, combined with a study of the changes in bacterial
numbers, led to the realisation that the soil micro-population
was a complex one, containing active protozoa.
A great difficulty in applying quantitative methods to
bacteria in the field is the great variation in the density of
the bacterial population over a plot of field soil, which may
be so great that a bacterial count from a single sample is
quite valueless. For example, the distribution of bacterial
numbers over a plot of arable soil near Northampton was
studied by taking sixteen samples distributed over an area
about 12 feet square. The result showed that in some cases
the bacterial numbers in samples taken 6 inches apart
differed by nearly 100 per cent. Fortunately, under favour-
able conditions, a remarkably uniform distribution of bac-
terial numbers over a plot of soil can be found.
On such a plot it is possible to investigate the rapidity
with which the numbers of the soil micro-organisms alter in
point of time. For example, on the dunged plot of Barn-
field, Rothamsted, which has been cropped with mangolds
for forty-seven successive years, the area distribution of
bacteria has been found to be so uniform that if a number
of samples of soil are taken from the plot at the same time,
the difference in bacterial numbers between the samples
cannot be detected by means of the counting technique (see
Table V.). The work of Cutler, Crump, and Sandon 16 on this
plot showed that the bacterial numbers vary very greatly
from one day to the next, and that these fluctuations took
place over the whole plot, since two series of samples, taken